Use of gap (created by tree falls) and non-gap forest understory sites by migrating birds in central Illinois was studied during spring and autumn for three years (1978)(1979)(1980). Fruit and understory foliage were concentrated in gaps. Birds that relied on these resources (foliage-gleaning insectivores, frugivores in autumn) used gaps more than non-gaps. Birds that fed on food other than fruit and foliage insects ("frugivores" in spring, other insectivores) did not use gaps more than non-gaps. Bird abundance varied markedly among gap and non-gap sites, potentially reflecting differences in site preferences. Site selection, as determined by bird abundances, was consistent (correlated) between years for birds that fed on items that were concentrated in gaps but not for birds that did not rely on these patchy resources. Foliage density is a measure of foraging substrates for foliage-gleaning birds to search. Abundance of foliage-gleaning insectivores was highly correlated with foliage density in both spring and autumn. Frugivore abundance was highly correlated with fruiting foliage density during autumn when they are frugivorous, but not during spring when they are insectivorous. Insectivores not relying on foliage insects or fruit were uncorrelated with either index of resource availability. These same relationships hold even when examining gap sites only. Thus, migrants can be consistent in their selection of foraging sites and this consistency appears to exist when resource densities are markedly different among sites (patchy) but not when resources are more dispersed.
Introduction
Migratory birds use considerable amounts of energy for migration; they lose 1-4% of their gross body weight per hour of flying (Graber and Graber 1962, Hussell 1969) . As a result, migrants require periodical replenishment of lost fat stores at stop-over sites to allow successful completion of migration (Nisbet and Medway 1972, Berthold 1975) . Individuals able to maximize their foraging efficiency (rate of food intake) at these stop-over sites increase their rate of fat deposition and their chances of successful migration. One means of enhancing foraging efficiency is to migrate when food is most abundant. Indeed, spring arrival of migrant warblers in southern Illinois coincides with eruptions of their primary food (lepidopteran larvae); warbler num-increased growth and colonization by understory vegetation (Hartshorn 1978 , Thompson 1980 , Runkle 1982 . As a result, understory fruits and foliage insects are more concentrated in light gap patches than in nongaps. Thus, preferences for light gaps may reflect selection of patches with abundant food by migrants.
Yet, the density of plants, and associated food resources, differs among gap sites (Runkle 1982) . If birds are truly selecting sites based on availability of resources, then two results are predicted: (1) Birds should be more abundants at sites with greater amounts of the food types they eat. (2) Birds should be more abundant at the same sites each year, assuming differences in quality among sites varies only a little among years. To examine these predictions, we established permanent gap and non-gap sites and monitored use of the understory of these sites by migrating birds during spring and autumn for three years. We focus on three questions. First, do migrating birds of differing foraging habits differ in their abundance at gap versus non-gap understory sites? Second, are birds consistent in their site selection (i.e., more abundant in the same sites) each year? Finally, are differences in bird abundances among sites correlated with differences in indexed resource abundance?
Study area and methods
The study site was Trelease Woods, a 22-ha woodlot located northeast of Urbana, Illinois, USA. Woodlots and other forest islands are important sources of forest habitat for migrating and breeding birds in the mid-western U.S. (Martin 1980 , Blake 1983 (Karr 1979 (Karr , 1981 Vegetation cover was sampled during autumn 1979, when plants were fruiting, using the point sample method of Karr (1971) The third transect ran perpendicular to and bisected the net with points taken every 2 m. Foliage of individual plants that actually bore bird-dispersed fruits (males and some female individuals of some plants species did not bear fruit) was tabulated separately to provide foliage cover of fruiting plants. Each site was ranked relative to total foliage cover and fruiting foliage cover in the understory (< 3 m). Analyses based on ranks are preferred because true availabilities of resources to animals are difficult to measure accurately (Johnson 1980) . Abundance of birds at each net site were ranked based on capture rates (birds/100 MNH) and compared among seasons and years and with foliage and fruit cover rankings using a Spearman rank correlation. Comparisons among seasons and years allow examination of whether birds are consistently more abundant at the same net sites. Comparisons with fruit and foliage cover rankings allow examination of whether birds are more abundant at sites with more fruit or foliage cover. Correlations were based only on the 10 sites netted in all 6 seasons.
Comparisons of capture rates among net sites, microhabitats, seasons and years were made using the Fisher binomial probability test when sample size was small (n ORNIS SCANDINAVICA 17:2 (1986) < 35) and by X2 analysis for large samples. Food habit assignments followed Willson et al. (1982) except for Yellow-rumped Warbler and American Redstart. Yellow-rumped Warblers (scientific names of all birds presented in Appendices A,B) were classified as foliage-gleaning insectivores rather than frugivores because Yellow-rumped Warblers were observed feeding on fruit less than 1% of the time during the periods of this study (n > 750 observations, unpublished data). Yellow-rumps appeared to be more frugivorous after mid-October (TEM, pers. obs.). American Redstarts were also classified as foliage-gleaning insectivores because hawking (flycatching) represented less than 25% of their foraging maneuvers (n > 500 observations, unpublished data, also Sherry 1979).
Results

Vegetation
Light gaps had more (p < 0.001) foliage from ground to 3 m than non-gap sites (Fig. 1) , while non-gap sites had more foliage above 3 m. In addition, gaps had more (p < 0.01, t-test) fruit foliage (x = 32.1%, SE = 10.6) below 3 m than non-gap sites (x = 4.6%, SE = 6.7) due to a greater density of fruit plants in light gaps than nongaps.
Use of gaps versus non-gaps
Significantly more birds were captured in gaps than in non-gaps for all seasons, subseasons, and years (Tab. la). However, the extent and direction of habitat selection varied among groups of species with similar food habits.
Frugivores Both as a group and as individual species, frugivores
Tab. 2. Ratio of the number of species that were more abundant in gaps to the number of species that were more abundant in non-gaps for each of the three years and for the three years combined. Probability (Prob) refers to the probability of the combined ratio being even (1:1). showed patterns of capture that varied with season and habitat. More frugivores were captured in late than early autumn (Tab. lb). Frugivores were captured more often in gaps than non-gaps during late autumn, but not during spring or early autumn (Tab. lb). These trends were reflected by the individual frugivore species. Only the Wood Thrush in spring 1979 showed significant habitat discrimination outside the late autumn period, while several species were more abundant in gaps in all of the late autumn seasons (Appendices A, B). The number of frugivore species that were more abundant in gaps was significantly greater than the number of species that were more abundant in non-gaps in late autumn, but not early autumn or spring (Tab. 2). Thus, frugivores, as a group, used gaps more than non-gaps in late autumn, but not in spring or early autumn.
1979 1980 Combined Prob
Foliage-gleaning insectivores
More foliage-gleaning insectivores were captured in gaps than non-gaps and in early than late autumn (Tab. lc). Several foliage-gleaning species were significantly more abundant in gaps than non-gaps in every season (Appendices A, B). Comparison of the number of species that were more abundant in gaps to the number that were more abundant in non-gaps showed insectivores used gaps more than non-gaps (Tab. 2). Thus, foliagegleaning insectivores in the understory clearly use gap more than non-gap sites.
Other insectivores
Other insectivores generally were captured more frequently in gaps than non-gaps, although the difference was not significant in all cases (Tab. ld). The numbers of species that were more abundant in gaps were not greater than the numbers that were more abundant in 168 non-gaps, indicating that other insectivores do not prefer gaps (Tab. 2). Ovenbirds were significantly more abundant in gaps than non-gaps in several seasons (Appendices A, B). Of the remaining 15 other insectivore species, only one species (Winter Wren) in only one subseason (late autumn 1978) was significantly more abundant in gaps (Appendices A, B) . Thus, only the ovenbird among the species in the other insectivore group consistently used gaps significantly more than non-gaps. If ovenbirds (the most abundant "other insectivore", Appendices A, B) are excluded then abundance of "other insectivores" was not greater (p > 0.05) in gaps in any of the spring or early autumn seasons nor in two of the three late autumn seasons.
Other insectivores declined significantly (p < 0.05) in abundance from early to late autumn in two of the three years, whether or not ovenbirds were included (Tab. ld). Thus, other insectivores did not use gap more than non-gap understory, in contrast to foliage-gleaning insectivores, but other insectivores did decline in abundance during autumn similar to foliage-gleaning insectivores.
Granivores
Granivores were captured more frequently in gaps than non-gaps in early autumn in all three years, but not during spring or late autumn (Tab. le). Comparison of the number of species that were more abundant in gaps to the number that were more abundant in non-gaps indicated gaps were not preferred in any season (Tab. 2). Thus, a preference for gaps by granivores appears weak.
In summary, all insectivores (foliage-gleaning and other) were more abundant in early than late autumn, while frugivores were more abundant in late than early autumn, and granivores exhibited no trend. Foliagegleaning insectivores used gaps more than non-gaps in all seasons. Frugivores used gaps more than non-gaps only during late autumn. Granivores used gaps more in early autumn, and other insectivores did not use gaps more than non-gaps in any season.
Tab. 3. Consistency of site selection between succeeding years based on rank correlations of capture rates among 10 net sites for all birds and individual food habits groups.
Spring
Autumn 1978-1979 1979-1980 1978-1979 1979-1980 Correlations of capture rates among the net sites show that foliage-gleaning insectivores were highly consistent in their site selection between years in both seasons (Tab. 3). Frugivores were not consistent in site selection during spring, but exhibited consistent preferences during autumn. Other insectivores were inconsistent during all seasons and years, except spring 1979-1980.
Association of bird abundance with fruit and total understory foliage cover
Foliage cover of fruiting shrubs in the understory (? 3 m) varied from 0 to 42% and total understory foliage varied from 19 to 68%. Variation in number of birds was correlated (p < 0.01) with variation in both total and fruiting foliage for the 10 sites netted in all seasons (Tab. 4), but ecological groups differed in their response. Frugivores were not correlated with either total or fruit foliage during spring when they were inconsistent in their selection of sites. Frugivores, however, were correlated with both total and fruit foliage during autumn in all three years. Moreover, frugivores were more highly correlated (p < 0.01) with fruit foliage than total foliage during autumn (Tab. 4) when they are frugivorous (Thompson and Willson 1978 , Baird 1980 
, E. Stiles 1980).
Foliage-gleaning insectivores were correlated with total and fruit foliage during both spring and autumn in all three years. Foliage-gleaners were more highly correlated (p < 0.02) with total foliage than fruit foliage during five of the six seasons (Tab. 4).
Other insectivores, which relied on foods other than foliage insects and fruits and which were inconsistent in their site selection, did not exhibit any predictable association with total or fruit foliage. Correlations were significant in 7 of the 12 cases (Tab. 3) but showed no clear association with either fruit or total foliage. If Ovenbirds were not included then other insectivores were not correlated (p < 0.05) with either total or fruit foliage in any spring or autumn.
Association of bird variation with foliage variation may simply reflect greater use of gap understory by birds and that gaps have greater foliage and fruit densities than non-gaps. To test whether variation in bird abundances among sites actually tracked variation in total understory and fruit foliage among sites, variation of bird abundances was examined relative to total and fruit foliage for only the gap sites. Foliage-gleaning insectivore abundance among gap sites was correlated with total understory foliage in both seasons (Tab. 5). FrugiTab. 5. Rank correlations of capture rates with fruiting and total understory foliage densities among 5 gap sites for all birds and individual food habits groups. vore abundances were not correlated with either foliage measure during spring, but were correlated with fruit foliage in all three autumn seasons. Other insectivores were not correlated with either measure during either season. Thus, migrants that rely on foliage insects or fruit appeared to be more abundant in sites having more of the respective food resource. Migrants that do not rely on foliage insects or fruit were not more abundant in sites with more foliage and/or fruit.
Foliage
New gaps
Birds may prefer understory of light gaps over undisturbed forest understory simply because more light is available to see and find fruit and insect resources. If true, then migrants should use areas with high light intensity without regard to understory foliage and/or fruit availability. This possibility was tested by establishing nets in newly created light gaps (less than 1 yr old) in each season, except autumn 1980. Thus, these new gaps had high light intensity due to canopy gaps, but understory foliage and fruit density did not differ (p > 0.50) from non-gaps because of the lack of time for establishment of light-released plants.
In all cases, new light gaps had lower capture rates than older gaps (Tab. 6). New light gaps were included in previous analyses with the result that overall capture rates in all gaps (Tab. la) were less than capture rates in old gaps (Tab. 6). Thus, earlier analyses of gap preferences were conservative. Capture rate in new gaps was significantly higher than the mean for all non-gaps in two of the five cases and insignificantly higher in the other three cases (Tab. 6). Thus, birds may be attracted to gaps because of light conditions present in such areas, Tab. 6. Capture rates (birds/100 MNH) in new gaps relative to the mean of old gaps and non-gaps. Significant differences reflect difference in the new gap relative to old gaps or new gap relative to non-gap. but the higher capture rates in old gaps suggest that they may remain in gaps only if recource abundance is high.
Discussion
Response to resource availability
Some birds using gaps primarily forage in forest canopies, but they move down when breaks in the canopy occur (F. Stiles 1980). Consequently, gaps may not be as preferred as non-gap forest canopy by these species. However, our objectives were not to determine whether gaps were preferred over non-gaps by individual species. Rather, when birds use forest understory, we were concerned with determining whether their use of understory patches was consistently related to resource availability. Indeed, three primary results indicate migrating birds are resource oriented in their choice of patches (also see Martin 1985b). First, birds that depend on resources concentrated in gaps use gaps more than non-gaps (Tabs 1, 2). Foliagegleaning insectivores used gaps more than non-gaps during all seasons. Frugivores are frugivorous primarily during late autumn (after 15 September) when fruits are readily available (Thompson and Willson 1979 , Baird 1980 , Moore and Willson 1982 and they used gaps more than non-gaps during this period. "Frugivores" are primarily insectivorous during spring and they appeared to include large proportions of insects in their diet during early autumn based on examination of feces of captured individuals (TEM, unpubl. data). Most species designated as "frugivores" depend on insects other than foliage insects when they are insectivorous. Consequently, "frugivores" did not use gaps more than nongaps during spring and early autumn when they were insectivorous. Similarly, other insectivores primarily included flycatchers and bark drillers and gleaners. Little reason exists to expect their resources to be concentrated in gaps and they did not use gaps more than nongaps. Thus, migrants used gaps more than non-gaps during periods when they relied on resources that were concentrated in gaps (foliage insects, fruits), but migrants that did not rely on these patchy resources did not use gaps or non-gaps more.
Second, consistency in relative abundances of birds at sites among years (Tab. 3) documents that birds must be choosing patches based on some characteristic associated with the patches. Food abundance seems the likely cause of the consistent patch choice because migrants were consistently more abundant at the same sites in succeeding years when they relied on resources (fruit, foliage insects) that were concentrated in the patches sampled in this study. Migrants that relied on resources that were unlikely to be concentrated in the patches included within our sampling regime were not consistent in their site choice among years.
Third, correlations with resource indices indicate that site selection is related to resource availability (Tab. 4). Foliage density only indexes foliar insect availability, ORNIS SCANDINAVICA 17:2 (1986) but it directly measures availability of foliage substrates for insects to use and for birds to search. At the same time, it may index cover from predation (see below). Regardless of the resource that this index measures, selection of sites by foliage-gleaning insectivores was correlated with it in all seasons. The fruit index also is an indirect measure of food availability, but selection of sites by frugivores was correlated with it in all three autumn seasons. Further, frugivores were not simply responding to understory foliage because they were more highly correlated with the fruit index than the total foliage index in all three years. In addition, they were not correlated with the fruit index during spring when they did not consume fruits. Other insectivores did not feed on fruits or foliage insects and they were not correlated with either index. Finally, the above relationships also existed when gap sites were examined separately (Tab. 5) indicating migrants are responding to differences in resources among sites and not just between gap versus non-gap understory. Thus, abundances of migrants at the understory sites were closely related to indexed resource availability when migrants consumed resources measured by the indices, but not when they consumed other resources.
Is patch choice related to factors other than food resources?
Perching sites or safe cover
Birds may select sites with more foliage because they provide greater numbers of perching sites or more cover from predation. This alternative is unlikely for frugivores and other insectivores. Other insectivores showed no preference for sites with greater densities of foliage in any season. Frugivores prefer sites with greater densities of fruit foliage rather than total foliage during autumn and they show no preference for sites with more foliage during spring. Foliage-gleaning insectivores, on the other hand, were correlated with total understory foliage and, thus, may be responding to cover in addition to or instead of food abundance. However, the increased food requirements of migrants during migration may require more investment in foraging at the expense of other activities such as anti-predator behavior (Metcalfe and Furness 1984). The fact that frugivores and other insectivores did not base patch choice on cover, per se, also suggests that, within a habitat, cover may not be as important as food for patch choice during migration.
Mist-net bias
Preferences for sites may reflect a bias due to the sampling method (i.e., mist-netting). However, this alternative is unlikely for two reasons. First, species designated as frugivores are primarily ground foragers and, thus, are equally susceptible to net captures in all sites. Yet they show a preference for gaps during autumn when they feed on a resource that is concentrated in gaps and they show no preference for gaps during spring when their food is not concentrated in gaps. Second, preferences for gaps can not reflect mist-nests intercepting different foliage profiles in gaps as compared to non-gaps because the correlations with resource indices exist even when the gap sites are examined separately (Tab. 5).
Resource tracking
If migrants are selecting sites based on resource availability, then how do they assess resource abundance? Resource sampling may be necessary in new or changing environments (Heinrich 1976 In addition, individuals may stay longer in richer patches and, consequently, more individuals accumulate at good areas. This accumulation may also increase the probability of attracting other individuals. The slightly higher capture rates in new gaps than in nongaps (Tab. 6) suggests that birds may use light as one cue for sampling. However, the higher capture rates in old gaps relative to new gaps indicates that birds only spend a short time in the patch if resources are poor. The above alternatives need to be tested by manipulating resource richness in gaps and non-gaps and quantifying the recruitment of birds to resource availability.
Overall, this study shows that migratory birds are consistent in their patch choice and that variations in abundance of migrants among sites generally reflects variations in indices of resource abundances when the resources are patchy. Thompson 
